Global efforts are under way to improve the Zn concentrations in rice to increase Zn in diets. Zinc uptake in relation to morphological root parameters among 7 upland rice varieties was studied by conducting a solution culture experiment using modified Yoshida solution in Agriculture Faculty of University Putra Malaysia. Five zinc levels were developed by the addition of 0, 5, 10, 20, 30 mgL -1 ZnSO 4 . Seedlings were harvested in week 4. Zn uptake in roots of upland rice showed significant differences among all varieties. Zn uptake significantly increased at all rates. Other root parameters (length, average diameter, surface area, volume, and number of root tips) did not show any significant differences in 0 to 20 mg ZnL -1 , but they decreased significantly in 30 mg ZnL -1 in 4th week of observation.
INTRODUCTION
Zinc is essential for the normal healthy growth and reproduction of plants. The normal concentration of this element is 25 to 150 mg kg -1 in plants. Deficiencies of Zn are usually associated with concentrations of less than 20 mg kg -1 , and toxicities will occur when the Zn leaf concentration exceeds 400 mg L -1 (Tisdale et al., 1993) . Cultivars differ in their ability to take up Zn, which may be caused by differences in zinc translocation and utilization, differential accumulation of nutrients that interact with Zn and differences in plant roots to exploit for soil Zn (Tisdale et al., 1993) .
Rice, the main staple food of Asia, is inherently very low in Zn and its high consumption relative to other foods contributes to high incidence of Zn deficiency in human populations in Asia (Gibson et al., 2007; Stein et al., 2007) . Rice yield and growth are very sensitive to Zn and it's an important plant nutrient for plant vigor after N and P. Upland rice is water saving rice production system depending on irrigation water management and anticipated yield (Wang et al., 2009) . Upland rice needs to have a deeper rooting and a higher root length and density than lowland rice cultivars because of the limited water availability under aerobic as compared to flooded conditions (Matsuo et al., 2010) . The primary source of Zn for rice plants is trough root uptake (Welch and Graham, 2002) , To increase Zn uptake by roots, the Zn availability in the rhizosphere must be increased (Welch and Shuman, 1995) .
Some researchers reported that under nutrientdeficient conditions, plants tend to alter their root size and morphology for efficient nutrient acquisition. Enhanced root growth under Zn deficiency, both in length and number of roots, has been associated with Zn-deficiency tolerance of lowland rice genotypes. In addition researchers showed moderate Zn deficiency enhanced both root length and the number of total root tips to a greater extent in a Zn-deficiency-tolerant genotype than in a susceptible one, but severe Zn deficiency reduced root growth in both the genotypes compared with Zn-sufficient conditions . Most recent studies in rice suggest that among numerous other mechanisms, Zn uptake is most important. However, there has been a little critical appraisal of root traits. This study was undertaken to evaluate the effect of different rates of Zinc on root morphological traits among different upland rice genotypes in Malaysia. (Table 1) were collected from different parts of Malaysia. This study was conducted at Faculty of Agriculture, University Putra Malaysia from April to May 2012. Five treatments of different Zinc concentrations (0, 5, 10, 20 and 30 mg L -1 ) were applied on the seven upland rice varieties (ZnSO 4 .7H 2 O as source of Zn was applied). Experimental units were grown in Yoshida solution culture (Yoshida, 1981) in growth chamber and pH was daily adjusted on 5.5. Plants were irrigated twice a day and seedlings harvested in 4th week. The roots that developed after 28 days were scanned using WinRHIZO root scanning software.
MATERIALS AND METHODS

Seeds of seven upland varieties
Root parameters, such as volume, surface area, average diameter, length and number of root tips were recorded. Dry-matter weights and root Zn content were determined. This study was repeated three times and conducted by RCBD. The data obtained were subjected to ANOVA using the SAS 9.2 version. (Yoshida, 1981) in growth chamber and pH was daily adjusted on 5.5. Plants were irrigated twice a day and seedlings harvested in 4th
week. The roots that developed after 28 days were scanned using WinRHIZO root scanning software.
Root parameters, such as volume, surface area, average diameter, length and number of root tips were recorded. Dry-matter weights and root Zn content were determined. This study was repeated three times and conducted by RCBD. The data obtained were subjected to ANOVA using the SAS 9.2 version. High level of Zinc showed severe phytotoxic effects rice and significantly inhibited its growth by interfering with certain important metabolic process were also observed by (Alam et al., 2002) and (Ebbs and Kochian, 1998) .As clearly seen in the Table 4,  Table 5 and Table 6 , the effects of application of different rates of zinc on root surface area, number of root tips, and volume, followed the same trend as root length. The effects of application of different rates of zinc on average root diameter showed that this root parameter didn't have any significant differences between all rates in most of the varieties (Table 7) . 
CONCLUSION
Increase of Zinc rate has a positive effect on morphological root parameters up to 20 mgL -1 . Soluble forms of Zn are readily available to plants and the uptake of Zn has been reported to be linear with concentration in the nutrient solution and soils. In addition, plants grown in Zn-contaminated soils accumulate a great proportion of the metal in the roots (Kabata-Pendias, 2000) . This shows that Zn in high concentration causes root growth disorder. Results of this study showed at 30 mg ZnL -1 young plants died, possibly due to toxic effect of Zn. Sensitive plant species are reported to be retarded in growth when their tissues contain 20 to 200 mg Zn kg -1 . However, the upper toxic levels range in various plants are from 100 to 500 mg kg -1 (DW) (Kabata-Pendias, 2000) .
